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Abstract
Utilization of natural resources in the form of coal mines has a positive impact on economic and energy development, in addition to coal 
mining activities have a negative impact on the environment that result in environmental pollution in soil, water, and air. Pollution begins 
when clearing land, taking exploitation, transporting, stockpile and when the coal is burned. When land clearing causes damage to forest 
ecosystems. At the time of exploitation impact on air pollution by coal dust particles, the erosion, siltation of the river, the pollution of 
heavy metals and the formation of acid mine drainage (AMD). The high acid conditions cause the faster heavy metals such as Hg, Cd, Pb, 
Cr, Cu, Zn and Ni present in the coal dissolved and carried to the waters. Coal stockpile activity also causes pollution in the air, soil, and 
water. At the time the coal is burned as an energy source causes the emission of hazardous materials into the air of Hg, As, Se and CO2 
gas, NOx, SO2. This condition has an impact on the environment and ultimately on human health.
Keywords: coal, pollution, heavy metal, gas emission 
Abstrak (Indonesian)
Pemanfaatan sumber daya alam berupa tambang  batubara berdampak positif dalam pembangunan perekonomian dan energi, disamping 
itu aktivitas penambangan batubara berdampak negatif bagi lingkungan yang berakibat pencemaran lingkungan di tanah, air dan udara. 
Pencemaran dimulai ketika membuka lahan, pengambilan batubara (exploitasi), pengangkutan, penyimpanan sementara (stockpile) dan 
saat batubara tersebut dibakar. Ketika pembukaan lahan untuk penambangan batubara, hutan mulai di tebang sehingga menyebabkan ker-
usakan ekosisitem. Pada saat exploitasi berdampak pada tercemarnya udara oleh partikel debu batubara, terjadinya erosi, pendangkalan 
sungai, pencemaran logam-logam berat dan terbentuknya air asam tambang (AAT). kondisi asam yang tinggi menyebabkan semakin cepat 
logam-logam berat seperti Hg, Cd, Pb, Cr, Cu, Zn dan Ni yang ada pada batubara tersebut terlarut dan terbawa ke perairan. Aktivitas peny-
impanan sementara (stockpile) batubara juga menyebabkan terjadinya  pencemaran di udara, tanah dan air. Pada saat  batubara tersebut 
dibakar sebagai sumber energi menyebabkan emisi bahan berbahaya ke udara berupa Hg, As, Se dan gas CO2, NOx, SO2. Kondisi ini yang 
berdampak pada lingkungan dan akhirnya pada kesehatan manusia.
 Katakunci : batubara, polusi, logam berat, emisi gas.
1. Introduction
Energy demand is an essential requirement for successful econom-
ic and industrial development [1]. Coal demand is increasingly in-
creasing as a source of energy for power generation and the need 
for the metal industry and other industries [2]. Utilization of the 
potential of natural resources as raw material and as an energy re-
source has a positive impact in improving the economy, but on the 
other hand, have a negative impact of pollution. The pollution is 
ultimately at risk for humans [3]; [4], one of the energy-producing 
resources namely coal.
Coal is one of the unrenewable fossil energies, formed from 
plant remains of 100 to 400 million years old [5]. The use of coal 
is still widely used by the world as a source of energy, nearly 36% 
of world energy needs still use coal. This proves that coal reserves 
are still quite large. point out that Indonesian is one of the largest 
coal producers, this is because the potential of coal mines is large 
enough to spread on the island of Sumatra and Kalimantan (figure 
1) [6]
Coal mining activities have an impact on ecosystem damage 
[7], land degradation, disruption of aquatic ecosystems, higher wa-
ter treatment costs [8] and air pollution releasing emissions into 
the atmosphere of Hg , As, Se [9] as well as CO2 gas emissions, 
NOx, SO2 [10] . The resulting pollution is triggered by an increase 
in population, technological advances and human activities [11]; 
[12]. The consequences of clearing land for coal mining activities 
is the occurrence of acid mine acid pollution [13] This pollution is 
influenced by the speed of rain flow, which results in runoff water 
entering the water, as well as heavy metals will be carried into the 
waters.
This paper presents the positive and negative impacts of coal 
mining activities on the environment, the impacts of acid mine 
water and its relation to heavy metal pollution and its impact on 
humans.
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2. Coal mining and environmental issues
Coal is one of the longest energy sources used by humans com-
posed of organic materials and mineral fractions. Countries such as 
China in 2005 used coal as a source of energy at the top of 69.9%, 
followed by oil21%, natural gas 2.9%, and other energy 7.2% [14] 
As a result of these mining activities result in pollution in the en-
vironment [15]
The pollution may occur from the time of mining, haulage, 
stockpile and when used as an energy source [16]. Besides the phe-
nomenon of pollution is also seen the phenomenon of coal fires 
in the stockpile. Several factors that affect the occurrence of fire 
spontaneously in the stockpile, including the environmental tem-
perature . Coal mining activities have significant impacts on land, 
loss of biodiversity, degradation of agricultural land quality, degra-
dation of quality and availability of water, air pollution in the form 
of dust during mining, collection, transportation, and solid waste in 
the form of organic matter and soil minerals [17]. 
When coal is burned as a fuel for a power plant, it produces a 
number of emissions that affect the environment, including CO, 
CO2, NOx, and SOx. CO emissions cause ozone depletion (O3) 
causing skin cancer, besides CO emissions if inhaled by humans 
causes the oxygen depleted blood flow that ultimately leads to 
death. CO2 gas emissions  [18]; [19]capture and storage of CO2 is 
required. Carbon capture and storage technologies that are current-
ly the focus of research centres and industry include: pre-combus-
tion capture, post-combustion capture, and oxy-fuel combustion. 
This review deals with the oxy-fuel coal combustion process, pri-
marily focusing on pulverised coal (PC cause global warming to 
impact climate change. SOx and NOx gas emissions lead to acid 
rain. The impact of climate change and acid rain is bad for food 
security [20]. This mining activity is bad for the environment, the 
final impact of the journey of a pollutant from the coal (fate) is on 
human health (figure 2)
3. Acid Mine Drainage and Heavy Metal
The presence of minerals in coal includes quartz, pyrite, sulfide, 
calcite, dolomite, siderite, carbonate and choline and other clay 
minerals such as phosphorus, sulfate alumina and zeolite interact-
ing and associated with organic compounds [22].  When the coal 
mine is peeled, rocks containing sulfide metal compounds react 
with oxygen and water, causing water to become acidic or known 
as AMD. This condition also facilitates the solubility of heavy met-
als are carried into the waters so that the soil and water content of 
heavy metals is relatively high. The sulfide compounds can be seen 
in (Table 1).
AMD derives from mining activities including underground 
mining and open pit mining, when mineral sulfide eg pyrite associ-
ated with coal and in contact with water and oxygen  [23], reaction 
accur [24]
This AMD condition facilitates the solubility of sulfide minerals 
containing heavy metals, one of which for example the Sphalerite 
(ZnS) mineral dissolved in acidic conditions forming Zn2+ metal 
ions is shown in the following equation of 3  [25] :
             ZnS(s) + 2H+(aq)        n2+ + H2S                                                        (3)
High AMD content makes it easier for heavy metals contained 
in the coal to dissolve and enter the soil [23]; [26] resulting in 
Figure 1 : Coal Distribution reserve potential Map ini Indonesia [6]
Figure 2. Diagram of the impact of coal mining activities (modi-
fied from [21])
Table 1 Heavy Metal Sulfide Compound in Rocks [22]
No Compound Sulfide Compound Name
1 FeS2 Pirit
2 FeS3 Marcasite
3 Fe(1-x)Sx Pyrrhotite
4 ZnS Sphalerite
5 PbS Galena
6 ZnS Sphalerite
7 SbS Stibnite
8 NiS Millerite
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heavy metal content in high soil compared to the source of coal. 
AMD and heavy metals carried by waterways threaten life in the 
waters, thus increasing the cost of water treatment. The inclusion of 
acid mine water and heavy metals that ultimately affect the aquatic 
environment. These events run continuously resulting in accumu-
lated increasingly longer 
4. Chemical Aspect of Heavy Metal
Heavy metal is a chemical element having an atomic period equal 
to or greater than 200. The exposure of these heavy metals in hu-
mans has toxic effects. Specific gravity over 5 gr/cm3 with an atom-
ic number over 20[27] and a molecular weight above 40 . Elements 
of heavy metals may have more than one oxidation number, de-
pending on the state of the environmental conditions. The metals 
interact with other components, this interaction can be modeled on 
the equilibrium state in the aquatic system. These interactions un-
dergo oxidation changes forming complex solutions, can also form 
oxide deposits, carbonates, and sulfides [28].    The presence of 
heavy metals such as Hg, Cr, Pb, Cd, Cu, Zn, and Ni is increasing 
in line with industrial and agricultural progress [29]. The heavy 
metals can be dissolved in the waters, deposited in the sediments 
and can accumulate in fish, thus threatening living creatures in the 
waters and humans, therefore it is necessary to analyze the heavy 
metal content and controlled sources of the contamination [30]. 
The elements of the metal can also be grouped by weight based on 
the elements required by the living organism (essential), for exam-
ple : As, Cu, Zn, Fe, Mn, Mo, Ni, and Se. These metallic elements 
are required by the body in small amounts to function as enzymes 
and pigments, but if excessive can result as toxins in the body [31].
    Heavy metals can enter in aquatic organisms through 3 paths 
[32] :
1.   Free metal ions are absorbed through the surface of organ organ-
isms, such as gills in fish which are then distributed throughout 
the bloodstream.
2.  The free ions are absorbed by the body of water which then 
newly absorbed by the bloodstream.
3.  Metals are absorbed by food and absorbed by digestion 
Chemicals as pollutants in aquatic environments may undergo 
several chemical reactions [33]including: Photolysis, this reaction 
occurs where the molecules absorb solar radiation, so it can break 
the chemical bonds to form a new compound. Most occur in nature 
in the form of organic compounds. Compression, this reaction oc-
curs in the element of metal ions that bind to molecules that have a 
pair of free electrons (ligands) form a complex compound. Exam-
ples of molecules having these free electrons are hydroxy, carbon-
ate, carboxylate, phosphate and cyanide. Acid-base, this reaction 
occurs what happens when the displacement of H+ ions into the en-
vironment. Reduction-oxidation (Redok), this reaction occurs due 
to electron displacement or changes in oxidation number. The reac-
tion of hydrolysis and hydration, reactions in chemical compounds 
bind or react with water or hydroxyl ions.  Deposition reaction, this 
reaction occurs when 2 or more elements react to form an insoluble 
compound.
5. Impact on life
The entry of waste from mining activities has an impact on the 
aquatic environment biotics (fish, shellfish, worms and aquatic 
plants) and abiotic (water and sediment). Invertebrate living beings 
can accumulate heavy metallic elemental elements both essential 
and non-essential in the body of the living creature so that it is toxic 
in the body. This relates to the concentration of the heavy metal 
exceeding the threshold value [34]. 
Contamination of heavy metals in Tianjin China consisting of 
Cu, Zn, Pb, Cd, Hg and Cr on vegetable and fish foods. Exposure 
to heavy metals is measured risk level based on target hazard quo-
tients (THQs). The results show that Pb metal exposure suggests a 
great potential risk for children who consume vegetables and fish 
exposed to these heavy metals [34] . The dynamics of heavy metals 
such as Fe, Mn, Zn, Cr, Cu, Co, Ni, Pb and Cd at surface waters 
of Mahanadi river at 31 different stations. The results show that 
most of the heavy metals are of high concentration. Fe heavy met-
al concentration is higher than Cd. The existence of heavy metals 
is caused by human activity (anthropogenic). High Ni, Pb and Cd 
concentrations exceed the allowed limit value. This degrades the 
water quality and impacts health risks [35]. 
Exposure to heavy metals into the human body causes diseases 
such as disorders of organ function, kidney damage, cancer, mis-
carriage for pregnant women, lowering behavior and intelligence 
even at high concentrations of exposure causing death [36]. The 
body contains various enzymes, with the entry of foreign substanc-
es will inhibit the action of enzymes (inhibitors). Among them are 
foreign substances in the form of heavy metal Pb2+ ions, where they 
will be strongly bonded with sulfur groups present in the enzyme, 
in particular, -SS-, -SH and -S-CH3 [37]
Exposure to heavy metals in the environment leads to various 
diseases in humans, namely kidney damage, cancer, behavioral de-
cline and intelligence to cause death. Exposure to these heavy met-
als into the human body through the food chain [38]. Heavy metals 
cause poisoning and triggering cancer since it generally reacts with 
oxygen and nitrogen. The metals form free radicals due to the mod-
ification of DNA bases, increased lipid peroxide [39].
6. Conclusions
Mining activities in addition to a positive impact on the economy, 
on the other hand, a negative impact of pollution in water, air, and 
land. This pollution starts from land clearing, mining, transporta-
tion, temporary storage and when used as fuel in power generation 
industry and metal processing industry. Such pollution problems 
can be heavy metal and AMD that can contaminate water and soil. 
At the time the coal is burned as a source of energy produces CO, 
CO2, NOx, SOx emissions which can lead to depletion of the ozone 
layer, global warming and acid rain that can interfere with food 
security.
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